Abstract -Under the general topic'Structure and Stereochemistry"pro_is on carotenoids of lower plants during the last three years is discussed. Carotenoids of photosynthetic bacteria, non-photosynthetic bacteria, fungi including yeasts, lichens and algae are addressed.
INTRODUCTION
The lower plants encompass bacteria (photosynthetic and non-photosynthetic), fungi including yeasts, lichens and algae (microscopic phytoplankton and macroscopic algae). Within this area, my task is to cover the general topic 'Struc ture and Stereochemistry Progress during the last three years since the 6th International IUPAC Carotenoid Symposium (Ref.1) will be reviewed in a critical and selective manner. For the benefit of biochemists and biologists a chemosystematic approach will be used, treating the major biological subgroups separately, rather than a lay-out based on progress within each structural type of carotenoids (Ref. 2) . Published work will be evaluated and recent, unpublished findings from our own laboratory will be included. Further details. on algal carotenoids studied by Eugster's group will be treated in his presentation (Ref. 3) . The progress in each area will be discussed on the background of previous knowledge and a general evaluation finally made. 
GENERAL PROGRESS IN METHODOLOGY
Improved access to high precision mass spectrometers and exact mass measurements, CD instruments for chiroptical data and in particular to high resolution NMR instruments with companion spin decoupling, NOE and COSY techniques, has facilitated structural studies on the microgram scale.
Whereas the application of modern instrumentation has reduced the required sample size, the purity requirements have increased. The application of HPLC for general separations and separations of diastereomers (Ref. 6 ) and geometrical isomers has become invaluable. Improved TLC systems have also been developed (Ref. The new C-30 diapocarotenoids 4,4-diapocarotene-4,4-dial (2), 4-oxo-4,4-diapocaroten-4-oic acid (3) and a -D-glucosyl-4,4-diapocaroten-4-oate (4), reported from mutants of Pseudomonas rhodos (Refs. 13, 14) Within the C-SO series the structure of C.p. 450 has been revised to (Ref.18) by H NMR including LIS. Total syntheses of optically inactive C.p. 450 J 2) ' as well as of optically inactive 2, 6-cis, 2, 6 -cis decaprenoxanthin (8) (2R)-Plectaniaxanthin (19) In this connection, the synthesis of in-chain hydroxylated carotenoids using vinyl-anions generated by the Shapiro reaction have been effected (Ref. 83 ) . Astaxanthin, a secondary carotenoid of some green algae, is the opticail pure, common (3S,3S)-isomer (ent.18, Scheme 2) (Ref. 84 ).
GENERAL EVALUATION
Some fifteen new carotenoids, including three new end groups, have been characterized from lower plants during the report period. Chiralities have been assigned to around another fifteen known carotenoids. Isomerism around chiral allene bonds in solution has been shown to be more general than suspected. Whereas chiralities have been assigned on the basis of comparative H NMR and CD or by comparison with synthetic models of known configuration, a breakthrough for X-ray analysis of chiral carotenoids finally seems to have been made with current studies on underivatized lutein (27) and zeaxanthin (28) (Ref. 85 ).
Hitherto, de novo carotenoid producing organisms including lower plänts,appear to synthesize optically pure carotenoids, a useful dogma in evaluating metabolism and in food-chain studies.
